one flagellum. Optimal growth occurred between 28 and 32 6C and at a pH between 7.0 and 8.5. Cells require the vitamin nicotinic acid amide as well as sodium ions for growth. The DNA G+C content was 55.1 mol%. The fatty acids (.1 %) comprised C 10 : 0 3-OH, C 12 : 1 , C 14 : 1 3-OH, C 16 : 0 , C 18 : 0, C 18 : 2 , C 18 : 1 v7c and 11-methyl C 18 : 1 v7c. The polar lipid pattern indicated the presence of phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylmonomethylethanolamine, an unidentified aminolipid, one unidentified phospholipid and one other unidentified lipid. On the basis of phenotypic, chemotaxonomic and phylogenetic differences, strain SH4-1 T represents a novel species in a new genus within the family Rhodobacteraceae, for which we propose the name Pelagimonas varians gen. nov., sp. nov. The type strain of the type species is SH4-1 T (5DSM 23678 In pelagic habitats of the North Sea, members of the Roseobacter clade (family Rhodobacteraceae) have been found to constitute 5-24 % of 49,6-diamidino-2-phenylindole (DAPI) cell counts (Eilers et al., 2001; Alderkamp et al., 2006) . Roseobacters use a multitude of organic compounds and some strains are capable of aerobic anoxygenic photosynthesis (Yurkov & Beatty, 1998) , such as the first species of this clade to be described, Roseobacter litoralis and Roseobacter denitrificans (Shiba, 1991) . Today the Roseobacter clade has a within-cluster sequence similarity of .88 % for the 16S rRNA gene (Brinkhoff et al., 2008) . Very diverse physiological traits have been reported for this group, for example, turnover of the algal osmolyte dimethylsulfoniopropionate (DMSP) (Ledyard et al., 1993; Ledyard & Dacey, 1994; González et al., 1999) , oxidation of the greenhouse gas carbon monoxide (King, 2003; Tolli, 2003; Moran et al., 2004) , production of secondary metabolites (Lafay et al., 1995; Brinkhoff et al., 2004) and methylotrophy (Holmes et al., 1997) . In this study we describe a new member of the Roseobacter clade, strain SH4-1 T , isolated from the southern North Sea during a phytoplankton bloom. The most closely related species to strain SH4-1 T with a validly published name is Sulfitobacter marinus SW-265 T . The genus Sulfitobacter was first described by Sorokin (1995) and at the time of writing comprised nine species with validly published names. In phylogenetic trees based on 16S rRNA gene sequences, Oceanibulbus indolifex HEL-45 T falls within the Sulfitobacter cluster showing between 94.9 % and 97.2 % sequence similarities to species of the genus Sulfitobacter. In this study we performed a comprehensive characterization of the new isolate. (Tschech & Pfennig, 1984) , 1 ml l 21 sterile-filtered fivefold concentrated multi-vitamin solution (Balch et al., 1979) and 15 ml 1 M NaHCO 3 (autoclaved separately). Agar plates were prepared with 20 g agar l 21 and incubated at 15 u C. Single colonies were picked and restreaked five times for purification. Further cultivation of strain SH4-1 T was performed using saltwater medium with 0.1 g l 21 yeast extract and 0.2 g l 21 peptone.
Bacteriochlorophyll a production of cells grown in the dark was determined by spectrophotometric analysis. Cells grown in the dark were harvested by centrifugation at 10 000 g for 10 min, and pigments were extracted with acetone : methanol (7 : 2, v/v) as described by Clayton (1966) . The extract was analysed in the visible range (350-900 nm) with a DU 520 General Purpose UV/VIS Spectrophotometer (Beckmann). Dinoroseobacter shibae DFL12 T (5DSM 16493 T ) was used as positive control.
For determination of temperature and pH optima and range, cells were grown in SWM containing 0.1 g l 21 yeast extract and 0.2 g l 21 peptone. Temperature range was determined between 4 and 45 u C (at 4, 10, 17, 20, 25, 28, 30, 32, 35, 37, 42 and 45 u C) . The pH range (5-11) was tested in increments of 0.5, adjusted with sterile NaOH and HCl solutions based on methods described by WagnerDöbler et al. (2004) (Balch et al., 1979) , 1 ml l 21 sterile filtered complex trace element solution (Zech et al., 2009) and 15 ml 1 M NaHCO 3 solution (autoclaved separately) were added. Salinity range and optimum were determined in test tubes. To prepare salt solutions of 0, 12.5, 25, 37.5, 50, 65, 80 To determine the maximal doubling time, growth in SWM containing 0.1 g l 21 yeast extract and 0.2 g l 21 peptone, under optimal conditions (30 u C, pH 7.5, 3.75 % salinity) was analysed in triplicate. Every 1-2 h the test tubes were vigorously shaken and growth was monitored by measuring the optical density at 600 nm (OD 600 ). Growth rates (m) and doubling time (t d 5ln2/m) were determined by linear regression of semi-logarithmic plots of cell density against time.
Requirements for the vitamins nicotinic acid amide, thiamine, pantothenic acid, pyridoxal hydrochloride, cyanocobalamine, riboflavin and biotin were tested in ASW medium as described by Hahnke et al. (2012) .
Substrate tests, i.e. growth on single substrates (1 g l 21 ), were performed in ASW as described by Martens et al. (2006) . Additionally the algal osmolyte DMSP was tested (at 100 mM). Utilization of amino acids was tested using a final concentration of 5 mM except for tyrosine, which was added to 1 mM, because of precipitation at 5 mM. The pH was adjusted to 7.5. All substrates tested are listed in the species description. Cells were pre-cultured in SWM with 0.1 g l 21 yeast extract and 0.2 g l 21 peptone. Exponentially grown cells were washed twice with ASW without any substrate in 2 ml reaction vessels. Two replicates of 5 ml medium were inoculated with 10 ml of washed cells for each substrate. Cell cultures in ASW without any substrate were used as a negative control. Growth was determined after incubation for at least four weeks at 20 u C by measuring an increase in OD 600 with a spectrophotometer (Spectronic 70).
Gram staining was performed using the Hucker staining method as described by Murray et al. (1994) . Cytochrome oxidase and catalase reaction assays were carried out according to the methods described by Smibert & Krieg (1994) . Exoenzyme activities (hydrolysis of gelatin, starch and Tween 80) were analysed with saltwater medium solidified with 9 % (w/v) gelatin or 1.5 % (w/v) agarose and supplemented with 0.2 % (w/v) starch and 1 % (v/v) Tween 80, respectively, based on the methods given in Smibert & Krieg (1994) . Reduction of nitrate was tested in anoxic ASW containing resazurin (0.5 g l 21 ). After autoclaving, the medium was reduced by addition of~1 mg sterile sodium dithionite (causing discoloration of resazurin). Nitrate was added as 1 g l 21 sodium nitrate. Medium was transferred into test tubes, containing a small inverted glass T was used as a positive control.
Antibiotic susceptibility was tested with agar diffusion tests using penicillin G, streptomycin sulfate, chloramphenicol and kanamycin sulfate as previously described (Brinkhoff et al., 2004) . Phaeobacter gallaeciensis DSM 17395 T and Rhodobacter sphaeroides 2.4.1 T were used as reference organisms.
Cells from the exponential phase, grown in ASW with all 20 amino acids (1 mM each) were examined by transmission electron microscopy (TEM), by washing the cells once in distilled water and subsequently studying the cells unstained as described previously (Chávez et al., 2004) . After air drying, copper grids (200 mesh; Plano) were examined by TEM (EM 902A; Zeiss).
Amplification and purification of the 16S rRNA gene was carried out as described by Brinkhoff & Muyzer (1997) . Sequencing was performed by GATC Biotech AG, Germany. Phylogenetic analysis was carried out with the ARB software package [http://www.arb-home.de (Ludwig et al., 2004) ]. Detection of genes coding for the subunits of the photosynthetic reaction centre complex (pufL and pufM) was performed by PCR using the primers pufL and pufM (Béjà et al., 2002) . Reactions were cycled in an Eppendorf thermocycler at the following parameters: 94 uC for 3 min, followed by 30 cycles of 94 u C for 1 min, 60 u C for 1 min and 72 u C for 1 min, with a final extension step at 72 u C for 10 min. The PCR product was purified by using the peqGOLD MicroSpin Cycle-Pure kit (PEQLAB Biotechnologie). Sequencing was performed by GATC Biotech AG.
For the analysis of polar lipids, respiratory lipoquinones and fatty acids, cell biomass of strain SH4-1 T was obtained from cells in the late exponential growth phase cultivated in SWM containing 0.1 g l 21 yeast extract and 0.2 g l 21 peptone at 20 u C. Respiratory lipoquinones and polar lipids were extracted from 100 mg freeze-dried cells using the method described by Tindall (1990a, b) . Respiratory lipoquinones were separated into their structural classes (menaquinones, ubiquinones etc.) by TLC. Bands were eluted and further separated and identified by HPLC, using an RP18 column (Tindall, 1996) . Polar lipids were separated by two-dimensional chromatography and identified on the basis of their R F values in combination with their reaction with specific staining reagents (Tindall, 1990a, b) . Fatty acid methyl esters were released from 20 mg freeze-dried cells using methodologies that release only ester-linked fatty acids (M1) or ester-and amide-linked fatty acids (M2) (Labrenz et al., 1998; Strömpl et al., 1999) . Initial identification relied on the use of the MIDI Sherlock system (version 6.1), with fatty acids being initially identified against the TSBA4 database. Where peaks were not identified or not unambiguously identified by the MIDI Sherlock system, peaks were identified using GC-MS.
The DNA G+C content of cells of strain SH4-1 T was determined by extracting genomic DNA according to the protocol of Cashion et al. (1977) and subsequent determination of deoxyribonucleosides by HPLC (Mesbah et al., 1989; Tamaoka & Komagata, 1984) .
Analysis of the 16S rRNA gene sequence showed that strain SH4-1 T shared 97.2 % sequence similarity with Sulfitobacter marinus SW-265 T as the most closely related species with a validly published name. Calculation of phylogenetic trees indicated, however, that members of the genus Roseobacter (with 95 % and 96 % sequence similarity, respectively) fall between strain SH4-1 T and the Sulfitobacter cluster including Oceanibulbus indolifex HEL-45 T (¢95.4 % sequence similarities; Fig. 1 ). The DNA G+C content of strain SH4-1 T was 55.1 mol%. pufLM genes coding for the PufL and PufM subunits of the bacterial photosynthetic reaction centre complex were not detected in strain SH4-1 T and in laboratory cultures cells did not express bacteriochlorophyll a or any other pigments. peptone at 20 u C, colonies were white, circular, convex, shiny and up to 1.5 mm in diameter. Single cells grown for four days in liquid saltwater medium were irregular rods with a length of 0.75-3.3 mm and a width of 1.0-1.4 mm (Fig. 2) . At least one flagellum was observed on cells, but clear motility was not observed. Cells were Gram-stainnegative.
Strain SH4-1 T grew between 4 u C and 37 u C with an optimum between 28 u C and 32 u C. The pH range tolerated for growth was 6.0-9.5 with an optimum between 7.0 and 8.5. Growth was observed at salt concentrations of 1.25 % to 8 % with an optimum between 1.25 % and 5 %. Strain SH4-1 T has an absolute requirement for Na + , its salt tolerance ranged from 0.1 to 0.7 M NaCl. Under optimum conditions in saltwater medium containing 0.02 g l 21 peptone and 0.01 g l 21 yeast extract, the doubling time was 2.9 h. Cell growth was supported by a variety of carbon sources, which are listed in the species description. No growth was observed in the absence of the vitamin nicotinic acid amide. Cells of strain SH4-1 T were susceptible to penicillin G, streptomycin sulfate and chloramphenicol, but resistant to kanamycin sulfate. Strain SH4-1 T exhibited no oxidase activity and only weak catalase activity.
The predominant respiratory lipoquinone of strain SH4-1 T was Q-10, a feature typical of the vast majority of the class Alphaproteobacteria. The fatty acid composition was dominated by C 18 : 1 v7c, which is also common in many members of the class Alphaproteobacteria; other fatty acids (.1 %) were C 10 : 0 3-OH, C 12 : 1 , C 14 : 1 3-OH, C 16 : 0 , C 18 : 0 , 11-methyl C 18 : 1 v7c and C 18 : 2 . C 10 : 0 3-OH fatty acid was ester linked while the C 14 : 1 3-OH fatty acid was amide linked. This is consistent with the finding that the LPS of Roseobacter denitrificans Och 114
T contains an ester linked C 10 : 0 3-OH fatty acid and an amide linked C 14 : 0 3-oxo fatty acid (Neumann et al., 1995) . It should be noted that the identity of the C 14 : 0 3-oxo fatty acid has been called into question and is listed here as a C 14 : 1 3-OH. It is interesting to note that a C 10 : 0 3-OH fatty acid is a constituent of the N-3-hydroxydecanoylhomoserine lactone in a strain of Phaeobacter gallaeciensis DSM 17395 T , albeit amide linked (Berger et al., 2011) . It should also be noted that neither a C 14 : 1 3-OH nor a C 14 : 0 3-oxo fatty acid are listed in any of the current (or previous) versions of the MIDI Sherlock peak naming tables, making it critical to take fatty acid analysis beyond this single method. The polar lipids found in strain SH4-1 T were phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylmonomethylethanolamine, an unidentified aminolipid (AL), one unidentified phospholipid (PL1), and one unidentified lipid (L2) (Fig. S1 , available in IJSEM online).
To compare strain SH4-1 T with the most closely related genera Roseobacter, Sulfitobacter and Oceanibulbus, the fatty acid and polar lipid compositions of representative strains were analysed, including the type strains of two recognised species of the genus Roseobacter, R. T contained the fatty acids C 12 : 1 , 11-methyl C 18 : 1 v7c and C 18 : 2 , which were not present or were only present in small amounts in the two species of the genus Roseobacter, and strain SH4-1 T showed clear differences in the polar lipid composition compared with R. litoralis Och 149 T and R. denitrificans Och 114 T (Table 1) . O. indolifex HEL-45 T did not contain the fatty acids C 12 : 1 , C 14 : 1 3-OH, C 18 : 0 and 11-methyl C 18 : 1 v7c and only contained trace amounts of C 18 : 2 , which were present in strain SH4-1 T , but C 16 : 1 v7c was present in higher amounts than in strain SH4-1 T . Furthermore, the two strains showed some differences in polar lipid composition. In the case of the two species of the genus Sulfitobacter the fatty acids C 12 : 1 and C 18 : 2 were not reported, strain SH4-1 T contained higher amounts of C 14 : 1 3-OH and also the composition of polar lipids differed. Thus strain SH4-1 T can be distinguished from recognised members of the genera Roseobacter, Sulfitobacter and Oceanibulbus. Further differential characteristics are summarized in Table 2 .
Due to the distinctive features, i.e. the phylogenetic position based on the 16S rRNA gene sequence comparison, biochemical and physiological differences as well as clear differences in the fatty acid and polar lipid composition compared with all three closely related genera, we propose that strain SH4-1
T is assigned to a novel species Bootstrap values were derived from 1000 replicates. Filled circles indicate nodes that were also recovered reproducibly with the maximum-likelihood method. Selected members of the class Gammaproteobacteria were used as an outgroup (not shown). Bar, 5 % sequence divergence.
S. Hahnke and others of a new genus, for which the name Pelagimonas varians gen. nov., sp. nov. is proposed.
Description of Pelagimonas gen. nov.
Pelagimonas (Pe.la.gi.mo9nas. L. n. pelagus the sea; L. fem. n. monas a unit, monad; N.L. fem. n. Pelagimonas a sea monad).
Gram-stain-negative, aerobic, oxidase-negative and catalasepositive, irregular rod-shaped cells. Chemoorganoheterotrophic growth on various compounds. Cells do not express any pigments or bacteriochlorophyll a. pufLM genes coding for subunits of the bacterial photosynthetic reaction centre complex are not present. Cells require vitamins as well as sodium ions. The major respiratory lipoquinone is Q-10. The fatty acid composition is dominated by C 18 : 1 v7c (a common feature in many members of the class Alphaproteobacteria) and C 18 : 2 ; other fatty acids (.1 %) are C 10 : 0 3-OH, C 12 : 1 , C 14 : 1 3-OH, C 16 : 0 , C 18 : 0 and 11-methyl C 18 : 1 v7c The polar lipids are phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylmonomethylethanolamine, an unidentified aminolipid, one unidentified phospholipid and one other unidentified lipid. On the basis of the 16S rRNA gene sequence analysis the genus represents a separate branch within the class Alphaproteobacteria, family Rhodobacteraceae, and so far contains only one species, Pelagimonas varians, which is the type species.
Description of Pelagimonas varians sp. nov.
Pelagimonas varians (va9ri.ans. L. part. adj. varians changing, being various, with respect to substrate utilization).
In addition to the characteristics that define the genus, the type strain of the type species has the following characteristics. Cells are variable in size (0.75-3.361.0-1.4 mm) with at least one flagellum. On SWM medium colonies are white, circular, convex, shiny and up to 1.5 mm in diameter. Cells grow at temperatures ranging from 4 to 37 u C (optimum, 28-32 u C) and pH ranging from 6.0 to 9.5 (optimum, pH 7.0-8.5). Cells grow in the presence of salt concentrations of 1.25 % and 8 %, optimal salinity is between 1.25 % and 5 %. Strain SH4-1 T has an absolute requirement for Na + , its salt tolerance ranges from 0.05 to 1.5 M NaCl. No growth was observed in the absence of the vitamin nicotinic acid amide. Does not (Shiba, 1991) ; 6, Roseobacter denitrificans Och 114 T (Shiba, 1991 Newton et al. (2010) . DData from Yoon et al. (2007) . dData from Kalhoefer et al. (2011) . §Data from Ivanova et al. (2004) . ||Data from Labrenz et al. (1999) . Data from Lafay et al. (1995) . Pelagimonas varians gen. nov., sp. nov. T ) was isolated from a North Sea water sample from 2 m depth.The DNA G+C content of the type strain is 55.1 mol%.
